Summary. Before There were no gene-specific differences in pulsatile LH secretion 14 weeks after castration. However, the mean LH, but not FSH, response to a bolus injection of 25\g=m\g of gonadotrophin-releasing hormone (GnRH) was significantly higher in FF than in ++ rams (P < 0\m=.\05) and this was not significantly affected by sire.
Introduction
The presence of the Booroola fecundity (F) gene has various effects on the physiology and endocrinology of the pituitary-gonadal axis in sheep. In adult ewes, these include an increase in plasma concentrations of follicle-stimulating hormone (FSH), the maturation of ovarian follicles at smaller diameters and high ovulation rates Fry et ai, 1988; McNatty et ai, 1989) . In adult males, evidence for the expression of the F gene is less convincing. Luteinizing hormone (LH) pulse frequency was higher in Booroola than in control Merino rams in one study (Martin et ai, 1987) , although this was not confirmed in a subsequent study comparing *Present address: Centre de recherche en reproduction animale, Faculté de médecine vétérinaire, Université de Montréal, CP 5000, St-Hyaeinthe, Québec, Canada J2S 7C6. tReprint requests.
homozygous carrier (FF) and noncarrier ( ++) rams (Price et ai, 1991) . Conversely, Martin et al. (1987) reported no gene-associated differences in LH release after a challenge by gonadotrophinreleasing hormone (GnRH), whereas Price et al. (1991) (Bindon et ai, 1985; Price et ai, 1991) .
Potential gene-related differences with regard to FSH secretion are difficult to detect in adult rams as plasma concentrations are lower than those in ewes, as measured under similar assay conditions (ewe: McNatty et ai, 1987; Currie & Rawlings, 1989; ram: Bindon et ai, 1985; Price et ai, 1991) . One method of increasing FSH concentrations is the removal of both testes (Schanbacher, 1979 (Schanbacher, , 1988 Caraty, 1983) . This treatment also increases pulsatile LH secretion and the amount of LH released in response to an injection of GnRH (D'Occhio et ai, 1982 (D'Occhio et ai, , 1983 Caraty & Locatelli, 1988) . One study comparing castrated rams reported no differences in mean LH or FSH secretion between Booroola and Merino strains, although the effects of castration on pulsatile and GnRH-stimulated LH secretion were not reported (Bindon et ai, 1985) .
The present study extended the above observations by examining the post-castration rise in mean LH and FSH concentrations, pulsatile LH secretion, and the LH response to a GnRH challenge in FF and in ++ Merino rams. A preliminary report of these data has appeared elsewhere (Price et ai, 1990 ).
Materials and Methods
Animals. The 2-5-year-old FF (n = 15) and ++ (n = 14) Booroola Merino rams used in this study were main¬ tained outdoors at the Wallaceville Animal Research Centre (latitude 41°S) and the study was approved by the Wallaceville Animal Ethics Committee. The mean ( + s.e.m.) body weights of these animals were significantly different between genotypes (44-5 + 1-2 and 49-3 ± 1-2kg for FF and ++, respectively; < 001), an effect attributed to differences in litter size (Price et ai, 1991) , but there was no difference in testis volume (1071 ± 4-8 and 95-8 + 9-1 ml for FF and ++ respectively) measured in vivo (Price et (1987) , using NIDDK-oLH-I-3 as tracer and NIAMDD-oLH-S23 as the reference preparation. All samples were assayed in dupli¬ cate. The minimum detectable concentration was 0-2 ng/ml, and the intra-and interassay coefficients of variation were 4 and^6%, respectively. FSH was assayed with a homologous RIA kit ) using NIAMDD-oFSH-I-1 as tracer, NIAMDD-oFSH-RP-1 as standard, and NIAMDD-anti oFSH-1 as antibody. The minimum detectable limit of this assay was 0-2 ng/ml and the intra-and interassay coefficients of variation were <4and <6%, respectively.
Statistics. The postcastration increases in LH and FSH concentrations were analysed by linear regression, except when the data departed from linearity with time. In this case, a nonlinear, least-squares regression model (Wilkinson, 1961 ) was used to compute maximum concentrations achieved during the sampling period ( Vmax) and the time to halfmaximal concentrations (Km). This analysis is based on the assumptions that the overall castration response fits a rectangular hyperbole and that the source of the plasma hormone is not a limiting factor. Gene-specific differences in Kmax and Km, and in plasma hormone concentrations within time points, were tested using analysis of variance, including sire as a main effect.
Partial autocorrelations were performed to establish the relative contribution of each ram to mean gonadotrophin concentrations over time. Where significant within-ram effects occurred, the data were further analysed by repeated measures analysis of variance, including sire, body weight and litter size as main effects.
The episodic LH data were examined using the methods of Van Look (1976) and Backstrom el ai (1982) . An LH peak was defined as occurring when the hormone concentrations of two consecutive samples were greater than that of the mean of the two previous samples (basal samples) and the value of at least one of the peak samples exceeded the mean basal value by more than twice the coefficient of variation of the assay (which was set at 4%). The amplitude of each peak was measured by subtracting the basal from the peak values, and the smoothed mean value was defined as the overall mean after all values on the peak had been removed.
Results

Experiment 1.
The mean LH and FSH concentrations over 12 days before castration were not different between genotypes (LH: 0-24 ± 001 and 0-27 ± 002ng/ml; FSH: 0-21 ± 002 and 0-27 ± 0-06ng/ml, for FF and ++, respectively; > 005).
The earliest increase in mean gonadotrophin concentrations was not evident until 8 h after surgery (Fig. 1) . Thereafter, the increase in mean FSH concentrations was linear with time until 36 h (r = 0-99; < 0001) and the rate of rise of FSH was significantly higher in FF than in ++ rams (007 ± 0002 and 004 ± 0001 ng/ml/h respectively; < 001; Fig. la Fig. 2a ) and was significantly affected by sire (P < 005). The mean FSH concentrations over Days 3-12 were significantly higher in FF than in ++ rams (71 ± 0-5 and 4-9 ± 0-7 ng/ml for FF and ++ genotypes, respectively; < 0-05), and were not significantly affected by sire ( > 005). Autocorrelation analysis of mean FSH concentrations over time showed that there was a significant ram effect (P < 005), i.e. the rams with the highest FSH concentrations on one day were likely to have the highest values on subsequent days. Repeated-measures analysis of variance (Days 3-12) indicated a significant effect of sire on FSH concentrations within the FF genotype (P < 005); this sire effect persisted when the data were tested for the 3 sires that had^3 sons in this study and for the 5 sires with^2 sons, but there was no significant sire effect within the ++ genotype (P = 0-76; all sires had 3 or more sons in the study). There was no effect of litter size or body weight on FSH secretion. As observed for LH, the rate of increase of FSH was significantly lower over Days 3-12 than over 8-16 h after castration (P < 0-05). From Day 28 to Day 58 after castration, FSH and particularly LH secretion were variable with time and there was no overall increase in mean concentrations. These mean 'plateau' concen¬ trations were 4-3 + 0-5 and 5-8 + 0-8 ng LH/ml and 10-4 + 0-6 and 9-4 ± 0-8 ng FSH/ml for FF and ++ rams, respectively. No gene-specific differences were noted.
Nonlinear least-squares regression of all FSH data from Day 3 to Day 58 after castration indicated that the maximum concentrations reached were not different between genotypes (Kmax = 11-8 + 0-8 and 12-8 + 1-3 ng/ml for FF and ++ rams, respectively; > 005), but that the time to half-maximal concentrations was significantly shorter in FF than in ++ rams (Km = 4-9 + 0-9 and 14-9 ± 3-6 days for FF and ++, respectively; < 005). Values are means ± s.e.m. There were no significant differences between genotypes.
interaction (P < 0001). Student's t test between genotypes within each dose group indicated that the mean LH response was significantly higher in FF than in ++ rams injected with 25 µg GnRH (221 + 4-2 and 10-5 ± 1-9 ng/ml for FF and ++ rams, respectively; < 0-05); Fig. 3 illustrates the LH responses of the two genotypes over time. There was no effect of sire on the mean LH Time since injection (h) Fig. 3 There was no effect of GnRH on FSH secretion, irrespective of genotype.
Discussion
These studies have provided further evidence to support the hypothesis that the F gene is expressed in adult Booroola rams. Specifically, the postcastration rise in FSH, but not LH, is significantly more rapid in FF than in ++ rams, and pituitary responsiveness to exogenous GnRH, with respect to LH release 14 weeks after castration, is also significantly higher in rams with the gene than in those without.
The evidence for a gene-specific effect on FSH secretion is as follows. Short-term blood sampling (hourly for 36 h after castration) revealed that the FSH responses of the two genotypes start to diverge~2 0 h after surgery and that the mean rate of rise of FSH in FF rams was almost twice that in ++ rams. This relative difference was maintained in both direction and magnitude when measured in daily samples taken from 3 to 12 days after castration, but was lost once mean concen¬ trations started to 'plateau', although the means never overlapped. Nonlinear regression analysis showed that maximum concentrations were not related to genotype and that the FF rams reached half-maximal concentrations 3 times faster than the ++ rams. These latter data confirm that the apparent gene-specific difference is expressed in terms of the rate of the postcastration increase in FSH concentrations, and not the 'equilibrium' concentrations per se.
A previous report in the literature described the LH and FSH responses to castration in Booroola and control Merino rams over 8 days (Bindon et ai, 1985) . These data also indicated that the FSH, but not the LH, response tended to be higher in F gene carriers than in noncarriers, although these differences were not significant. The discrepancy between this and our present study may be caused by strain differences unrelated to the F gene, potential misclassification of genotypes, different blood sampling frequency, or possible seasonal differences (time of year ofcastration was not reported by Bindon et ai, 1985 Keel & Schanbacher (1987) showed that the electrophoretic profile of FSH changes after castration in rams and Fry et ai (1987) (Seek et ai, 1988; Purvis et ai, 1989 ). However, the sire effect was evident within the FF group, whereas such an effect was far from significant in the ++ group. By contrast, a gene-related difference was noted with respect to LH secretion after a GnRH challenge, which was not significantly affected by sire. This is consistent with our previous study (Price et ai, 1991) , in which LH release was twice as high in FF as in ++ testes-intact rams after GnRH at the same time of the year, and which was also independent of sire. Collectively, these data suggest that the expression of the F gene in rams with respect to FSH concentrations is closely linked to the sire effect, whereas the differences in LH secretion are gene-specific. The lack of a response of FSH concentrations to even 25 µg GnRH implies that FSH secretion is maximal 3 months after castration, as has been previously observed (Bremner et ai, 1980) .
Since there are few reports of the acute gonadotrophin changes following castration in rams (Pelletier, 1968; Caraty, 1983; Bindon et ai, 1985) , the patterns of LH and FSH secretion in the present study, irrespective of genotype, are worthy of some comment. The short-term LH response was biphasic, with an initial increase starting 8 h after surgery, reaching a peak over 20-25 h and then declining 25-36 h after castration. A similar decline in LH secretion was noted at 48 h for the rams of Bindon et al. (1985) . This differs from comparable data for ewes (McNatty et ai, 1989) in which LH concentrations increased linearly with no evidence ofa decrease 25-36 h after ovariectomy. This may reflect sex differences in the releasable pool of pituitary LH or in the pattern of GnRH pulsatility established after gonadectomy. By contrast, FSH exhibits a constant rise in the short term, consistent with the hypothesis that there is only one pool of pituitary FSH (Bremner et ai, 1980) . The difference in the timing of the initial rise of both gonadotrophins between ewes (3-4 h; McNatty et ai, 1989) and in rams (8 h; present study) may be caused by differences in the depth and/or duration of anaesthesia used for the surgery (Clarke & Doughton, 1983) . Another sex difference noticed is with respect to the rate of gonadotrophin increase; in the previous ewe study, FSH concentrations increased faster than those of LH during the first 15 h after ovariectomy, whereas in the present ram study the converse was observed. The longer-term (3-58 days) pattern of gonadotrophin secretion in the present study was similar to that reported for ewes (McNatty et ai, 1989) and for cows (Schallenberger & Peterson, 1982) .
In summary, these data provide evidence to support the hypothesis that the F gene is expressed in adult male sheep. In particular, the rate of increase in FSH concentrations is significantly faster in FF than in ++ rams following castration, and LH release in response to exogenous GnRH is greater in F carriers than in noncarriers. These results, with those in intact rams, suggest that the F gene affects the sensitivity or responsiveness of the pituitary gland in the male.
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